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OF THFEE AIRFOILS AND A CIECULAR CYLINDER
REPRESENTIANG FULL~SCALE PROPELLER SHANKS
By Williem H. Barlow

SUMMARY

Tests have been mede at high speeds to determine
the drasg of models, simulating propeller shanks, in the
form of & eircular cylinder and three airfoils, the
NACA 16-025, the NACA 16-0L0, and the NACA 16-0Lj0 with
the rear 25 percent chord cut offi All the models had

a maximum thickness of h% inches to conform with average
propeller~shank dimensions and a span of 20& inches.

For the tests the models were supported perpendiculsar

to the lower surfeace of ths wing of an XP-51 alrplene.

A weke-gsurvey rake mounted below the wing directly

behind the models was used to determine profile drag

at Mach numbers of 0.3 to 0.8 over a small rangs of

angle of attack. The drag of the cylinder was alco
determined from pressure-distribution end force meeasurements.

The results of the tests indicated that the drag of
the airfolis was lower than that of the cylinder over
the Mach number range investigated. The drag rsduction
obtainable through the use of these airfoil sections in
place of a2 round shank incrsased with a decresse 1n air-
foll thickness ratio and reached maximum values at a
Mach numoer of O.63% for the NACA 16-040 eairfoils and 0.71
for the NACA 16-025 eirfoil.

INTRODUCTIOK

During recent years the Nabtlonal Advisory Cormittes
for Aeronautics has conducted investigations for the
nurpose of increasing the efficiency of propellsrs on
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airvlanes. One of the factors found to increase con-
slderably the losses in propeller efficiency was the
high drag of round shanks operating in high-veloclty
fields. Various methods for reducing shank drag were
tried; among these methods was the use of cuffs or
propeller shank fairings. Flight-test data from cuffed
propellers on streamline bodles are scarce, and the
available date were not obtained in any systematic
manner so that the relative value of the cuffs tested
could not be ascertained. #ind-tunnel tests of thiclk
alrfoll sections and cuffed propellers have not been
obtained with proper scale, Machk number, and shank
relief effects. Because of the scarcity of drag data
on thick airfoils overating at high speeds, therefore,
data for development and improvement of propsller
shanks were considered desirable. A flight-test orcgram
was conseguently begun at the Langley Laboratory of
the NACA in order to determine full-scale relative
drag characteristics of various shanks and shank fairings
under conditilons approaching those of propeller shanks
on a streamline body operating at high forward speeds.
4 preliminary phase of this program consisted of tecsts
of three thick airfoil models and a circular cylinder;
these models were mounted perpendicular to the lower
surface of the wing of an XP-51 airrlane, which was
onerated at such speeds as to give local Mach numbers
at the model station of from 0.30 to 0.80. At the
model station the chordwise pressure gradients due to
the wing simulated in some respects the gradients due
to a propeller spinner. Tip relief conditions at a
propeller shank arising from rapid spanwise decrease
in blade thickness were approximated by using models
of finlte asvect ratio. The results of tests of the
three thick airfoll models and the circular cylinder
are given in the present paper. A comparison of the
sneed galns that might be realized by use of these
thick alrfoils in plece of a round propeller shank is
presented.

SYMBOLS
q dynemic pressure, pounds per square foot
o} free-stream static pressure, pounds per square foot

Ao local static pressure minus free-stream static
rressure, nounds per sguare foot
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dg section profile drag of model, pounds per foot
of span

section pressure drag of modél, pounds per foot
of span

(a7

drag of model, pcunds

frontal area, square fest

model thickness, feet
¢q, sectlon profile-drag coefficient (d,/qt)
cq sectlon pressure-drag coefficient (d/qt)
airplene 1ift coefficient
Mo flight Mach number

¥ effective Mach number at model station

APPARATUS AND METHODS

The propreller-shank sections gselected for the tests
irclnded a circular cylinder %to represent a round shank
and two s?mmetrical girfoils, the NACA 16-025 and the
NACA 16-0{0. - The 25-percent-thick alrfoil represented
a thin shank section and the LO-percent-thick airfoll, a
thick skank secticn. The NACA 16-040 airfoil was glso
tested with the rear 25 percent chord cut off. A
photogreph of three of the models tested is presented
as figure 1. Geometric characteristics of the models
are gilven in figure 2. All models were of rectangular

plan form and had =a thiclmess of u% Inches to corre-
spond to average shank dimensions. The models had a
. ZOﬁ-inch span including the rounded tip, which was

obtained by rotating the airfoil section 180° about

the chord line. The aspect ratios of the models wers 9.2,
2.1, 3., and 1.5 for the circular cylinder, the

NACA 16-025, WACA 16-040, and modified NACA 16-CLO air-
foils, respectively, and were based on the assumption
that the wing acted as a reflection plene. These values

zZ
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of aspect ratio may be high because of a small gap
between the model and the wing.

The models were mounted on a rod perpendicular to
and extendling from the lower surface of the left wing
of an XP-51 airplane (fig. 3). The average clearance

between the models and the wing surface was {% inch.

(See fig. l;.) Provision was made to rotate the sup-
porting rod in order to obtain a change in angle of
attack from -6° to 6° for the airfoils and to rotate
the cylincder through 200C€ for pressure-distribution
measurements. The supvort rod was located at aoproxi-
mately 38 percent of the chord at the Lo-percent-
semlspan station and was about 3 feet outboard of the
nropeller radius.

A wake-survey rake mounted 29 inches behind the
support rod and 9 inches below the wing surface (figs.
and 5) provided data for determination of the profile-
drag coefficient of the model cenber section. The
distance of the rake behind the tralling edge of each
model is shown in filgure 5. Direct drag measurements
on the cyllnder were obtained by mcunting the cylinder
on a support rod equipped with electric strain gages.
Pressure-drag data on the cylinder were obtained from
pressure-dlstribution measurements made by mesns of two
orifices 180° apart at each of six equally spaced span-
wise stations (fig. 6). A complete survey at each
station was obtained by rotating the cylinder 200°
during a test run. : c '

‘The. local dynamlc pressure .q and the local Mach
number ..M used in ‘evaluating the data were determined
from free-stream tdtal pressure measured with the pitot
tube mounted ahead ¥f the airplane wing and from local
statle. pressure.measured with static-pressure tubes
located on the »ight wing'at the ssme chordwise and
spanwlse “positiens “&s those at which the models were
located on the left wing. -  These pressure measurements
were made slmultanedusly with measurements of the drag
of the mofdls. In the pressure-distribution tests of
the cylindsr the stgtic-pressure measurements on the
right wing' were .mdde with'a rake of six static-pressure
tubes, with each tube lochted at a distance below the
wing surface corresponding to an orifice locatlon in
the eylinder (fig. 6). For the force tests of the
cylinder and the wake surveys, the static pressure on
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the right wing was measured wlth one statlc-pressure

tube located 9 Inches below the wing surface (fig. 7),
waich corresponds to station 3 in figure 6. The
difference between local Mach number at various distances
below the wing surface and free-stream Mach numbsr is
presented in filgure & for several flight Mach numbers.

In order to indicate the magnitude of the chorcdwise
variatlon of static pressure in the test reglon, the
chordwise pressure distritutions, as determined from
measurerxents of static pressure oo the lower surface
of the wing of another XP-51 airplane, are presented in
figure 9 for an sirplane 1ift ceoefflcient of about 0.15
and several flight Kach numbsrs, 3Statlc pressures
measured 1ln the present tests at stetion 3 (9 in. below
the wing surface) sre included in figure 9. Becauce of
the decrease in induced velocity with distance from the
wing surface, the chordwise gradlients at station 3% mey
be somewhat less than those indicated at the wing surface.

The angular nositicn of the models with resnect to
the airplane longitucdinal axis was recorded by a mechanical
optical ccntrol-position recorder. The yaw angle of the
alrplane was measured by means of a yaw vane mounted on
a boom 1 chord ahead of the right wing near the tip. The
angle of attack of the models was determined from the
angle of the model and of the alrplane. Any difference

hat might exist between the directlon of flow over the
wlng and the directicn of flow 1In the free stream wsas

not taken into asccount. Alr tempersture used in the
determination of model Reynolds numbsr was obtained by
means of a low-lag thermometer (fig. 7} ccnnected to a
recording galvanometer., All instrumentation was standard
NaCa equipment.

The tests were made at flight Mach numbers from 0.3
to 0.7 in 0.05 intervals. The correspondlng range of
local Mach number at the test station was 0.3 to 0.8.
During each run the flight Msch number, the yaw angle,
and the normal acceleraticon were held constant.

RESULTS AND DISCUSSION

in indication of the extent to which the »nrincipal
flow conditions about a preopeller shank were reprcduced
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in the present model tests may te obtained from an
examination of the wvariation of Mash number wilth dlstance
from the wing surface (fig. 8), the chordwise variatlon
of static pressure in the test region (fig. 9) and the
method used for sinulating shank rellef., The variation
cf Mach number witn dlstance from the wing surface
indicatss that the lMach number decreased by asbout 0,03
in a distance of about 18 inches, whereas on an ashbual
ropeller shank of equlvalent length the liach numoer
based on the resultant of translationsl and rotational
velocities) would increase by about 0.l. The effect of
not reproducling the actual spanwlse gradient is not
known. The negative chordwise rressure gradlents over
the forward part of the test region followed by the
positive gradients over the resr part (fig. 9) are similsar
to the gradients about a spinner on the nose of a typical
in-line engine installaticn. OCn a propellsr the thinner
section adjacent to the shank may influence the flow over
the shank to some extent. In the present investigation
this condition was considered to be simulated, at least
approximately, by the use of models of finlte aspect
ratio.

The varlation with Mach number of the sectlon drag
coofficlent of the cylinder as determined from force-
test and pressure-dlstribution measurements is presented
in figure 10. The section pressurs~drag coefficlent
varied over the span of the cylinder, and for tests in
which the data are complete no consistant varistion is
noted, An average minimum section pressure-dreg coeffi-
cient of C.5 is found bstween values of X of 0..25 and
0.1 75« With further increase in Mach number the sectlon
pressure~drag coefficlent incressed raplidly to a value of
about 1.0 at a Mach number of 0.65 and then decreased at
st111l higher Mach numbers. The drag coefficlent determired
from force tests appeared to be in reasonable sgreement
with the pressure data.

The drag coefficlents of the cylinder determined

fron force tests, wake surveys, and pressure-distribution
teats are compzred on the bases of kech number and Reyunolds
number in figures 11 and 12, respectively. In general,
ragunlts of tne wake surveys are not 1in agreement witk the
results of the force or pressure-dictribution tests. Walle-
survey results indicated a lower minimum drag coefficlent,
with drag ccefficlent increasing rapidly at a Mach number
of abou% 0.425 but increasing to a maximum value of about
1.5 &t a value of M of 0.65. This maximum velue of drug

6
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coefficlent is about 50 percent higher than the value
obtalned by the force and pressure-distributicn measure-
ments. No exact explanation for this discrepsancy has
been ascertained; however, the oscillatory nature of

the wake, which 1s not accounted for 1n the momentum
equatlions used in recduction of wake-survey dsata, may be
the cause of this difference. Drag data for the airfoil
sections were obtained by the wake-survey method and

may therefore be subject to this seme type of error.
Conditions in the wake of the alrfoll at the survey
station, however, should avproach more closely the con-
ditions assumed in the wake equations than the conditions
for the wake of the circular cylinder. If the surveys
had been made farther dcwnstream of the models, the
effects of wake osclllations might have teen reduced and
more conservative results obtalined. Because of the
difficulty of supporting a rake in & more rearward
position, however, surveys could not be made farther
downstrean.

The variation of section profile-drag coefficient
with angle of sattack for several Mach numbers is presented
in figures 1%, 1L, and 15 for the KACA 16-025, the
NACA 16-040, and the modified NACA 16-0L0 airfoll models,
respectively. The variation of sectlion profile-drag
coefficient with Msch number for zero angle of attack,
determined from the data in figures 13 to 15, 1s pre-
sented as figure 16. The section profile-drag coeffi-
cient had a minimum value of about 0,02 at Mach numbers
un to 0,63 for the NACA 16-025 airfoil model, a minimum
value of about 0.CL up to a Mach number of 0.50 for the
NACA 16~CL0 airfoil model, and a minimum value of 0.22
at & Mach numbter of 0.65 for the modified NACL 16-CLO
airfoll model. The large values of section profile-
dreg ccefficient, at low Mach numbers, for the modified
NACA 16~0L40 airfoll were probably assoclated with low
Reynolds numbters. The Mach number et which the section
nrofile-drag coefficient began to increase rapidly was
0.75 for the KACa 16-025 airfoil model and 0.60 £or the
NaCA 16-0L0 airfoil models. At Mach numbers greater
than 0.65 the section profile-drag coefficient of the
modified NACA 16-CL0 =sirfoil model was slightly higher
than the corresponcding drag ccefficlent for th .
NACA 16-040 airfoil model,

The variation of the drag of the cylinder and the
airfoll models with Mach number is presented in figure 17
as a plot of D/bOA against Mach number. Over the range

17
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of Mach number tested, the cdrag of the cylinder was

higher than the drag of any of the airfoll models. The
drag reduction obtained through use of the ailrfoils in
place of a cylindrical shank increased with decrease in
airfoll thickness ratio. A small reduction in dreg at

low Mach numbers and & large reduction in drsg at high
Mach numbers can be effected through use of the NACA 16-0L0
alrfoll with the rear 25 percent chord cut off in place of
the cylindrical shank. The maximum drag reduction was
obtalned at & Mach number of 0.6%2 for the NACA 16-040 air-
foils and at a Mach number cof 0,71 for the NACA 16-02°
airfoll.

On the baslis of the results of figure 17 an estirmate
was made of the increase in speed of a present-day fighter
airplane operating at an altitude of 30,000 feet that may
be obtained by fairing the exposed round shanks of a fcur-
Llade proneller by use of each of the three airfeil
sectlons. The results are presented in figure 18 as the
speed increase obtalnable by a fairing of 1 inch on each
round shank, altkough, of course, in the actual case
more of the propeller shanks would have to be failred and
the total increase in speed would tkerefore be greater
than 1s shown in flgure 18. These results are intended
primarily to show the relative effectiveness of the
various fairings. The maximum incresse in speed obtain-
able by using the NACA 16-040 and the modified NACA 16-040
airfoll sections as fairings was estimatsd to be L .0 to
i.5 miles per hcur at a true airspeed of 420 miles per
hour. The increase in speed obtainable by usling the
NACA 16-025 airfoll sectlon was greater over the speed
range conslidered than that obtainable by using ths other
two slrfoll sections and had a meximum vealue of about
6 miles per hour at a true airspeed of L80 miles per hour.

CONCLUDING REMARKS

The results of tests of models simulating propeller
shanks 1n the form of a cylinder and three airfcils -~
the NACA 16-025, the NACA 16-0L0 and a modified N4CA 16-0L0,
eaci: having a maximum thiclmess equal Lo the cylinder
diameter -~ indicated that the drag of the airfolls was
lower than that of the cylinder over the Mech number range
investigated (0.3 to 0.8). The drag reduction obtainsble
through the use of these airfoil sections in place of a

83



NACA TH No. 1129

round shank lncreased with decreagse in airfoll thickness
ratio and reached msximum values &%t & Mach number of 0.63

for the NACA 16-040 airfoils and 0.71 for the NACA 16~025
airfoil.

Langley Memorial Aeronautical Laborsatory
National Advisory Committee for 4eronautlcs
Lengley Field, Va., June 7, 1946
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Figure l.- Proreller-shank models.
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NACA |6-025

NATIONAL ADVISORY
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Flgure 2.- Geometrle characteristics of propeller-shank models.
1
Span of models, 201; inches, including rounded tip.
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Figure 3.- Wake-survey rake and sppport rod for propeller-shank models mounted
on lower surface of wing of XP-51 eairplane,.
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NACA TN No. 1129 Fig. 4a,b

{a) Front view.

{(b) Side view.

Figure 4.- Circular cylinder mounted below lower surface
of wing of XP-51 airplane.



NACA 16040 NACA 16-025
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Survey rake

Circular eylinder
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Flgure 5.- Location of models and wake-survey rake below lower
surface of wing of XP-51 airplane.
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Fig. 6 ] NACA TN No. 1129

Orifice station I
| ——

/

I8in.

6 spaces at 3in.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Flgure 6.- Circular cylinder showing orifice stations.
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Figure 7.- Static-pressure tube and thermometer
mounted below right wing of XP-51 airplane.
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Figure 16.- Variation of section proflle-~drag coefficlient
(based on thickness) with Mach number for the three
airfoll models at zero angle of attack.
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Filgure 17.- Varlation with Mach number of drag of the
clrcular cylinder and the three airfoll models at
zero angle of attack. -



8
< NACA 16-025
g © |
T]h M
Q
o _I NACA 16-040
0 4 4?::“ b
Z::] / /// “T -~ S
N ,/ p TN
: A A D
s _~"NACA16-040 modified )
£ d _
L . NATIONAL ADVISORY ___|
_ COMMITTEE FOR AERONAUTICS
0 | |
300 400 — 500

Airplane true arspeed, mph

Flgure 18,.- Estimated increase In speed obtainable for a typlcul fighter
alrplune with a four-blade propeller by falring 1 inch of eusch round
shank to an alrfoil sectio.a. Alrplane operating at 50,000 feet.

*374 63TT *ON NI VOVN

8T



